Introduction
Solid tumors are complex tissues that contain tumor cells, endothelial cells, pericytes, inflammatory cells, fibroblasts, and also acellular components, such as cytokines, inflammatory mediators, and extracellular matrix. Within the tumor microenvironment, the different elements are able to induce angiogenesis, inactivate anti-tumor T cell responses through various mechanisms, and promote tumor cell survival and proliferation [1] . Tumor-infiltrating inflammatory cells may have a dual effect. Whereas these cells are an important line of defense against tumor onset-generating reactive oxygen species, secreting proinflammatory cytokines, and causing cytotoxicity-they may also act as promoters of cell transformation, playing an important role in tumor progression [2, 3] . Besides, cells with anti-inflammatory and suppressor properties, such as MDSCs, M2, and regulatory macrophages and T regs are commonly found in established tumors. These cells can dampen anti-tumor T cell responses, facilitating tumor growth [4 -6] . The presence of an inflammatory infiltrate implies that tumors secrete factors capable of recruiting these cells. Of note, it has been reported that tumors secrete factors that induce cell proliferation in lymphoid tissues [7] , which includes myeloid cells with immature phenotype and suppressor characteristics [8] . Moreover, 1 g of tumor tissue contains 10 8 -10 9 cells [9] ; if 5% of these correspond to inflammatory cells, a tumor would have 5 ϫ 10 6 -10 7 inflammatory cells/g of tissue. Therefore, the identification of the role and source of these cells is important for understanding tumor biology. Importantly, these cell populations constitute a target for interference that may contribute to destabilizing tumor growth and progression.
HPV are small DNA viruses that infect epithelial cells of skin and mucosa. Infection with high oncogenic risk HPV types is the main etiological factor for cervical cancer, where virtually all tumors harbor HPV DNA [10] . HPV is also the etiological factor of a significant percentage of anogenital and oropharyngeal tumors [11, 12] . Data from several studies demonstrated that HPV-associated cervical lesions are infiltrated by macrophages and lymphocytes [13] [14] [15] [16] [17] . In fact, the ratio between CD8 T cells and T regs in primary tumors is a prognostic marker for cervical cancer [17] . Besides the tumor microenvironment, HPV-specific, circulating CD4 T cells, with effector and/or regulatory phenotype, are present in the peripheral blood of patients. The phenotype of lymphocytes depends on the cervical lesion progression. Asymptomatic women preferentially display Th1-effect responses, whereas women with cancer also display T regs [18] . Cervical tumors may also influence other leukocyte populations. Patients with recurrent cervical cancer and leukocytosis live for significantly shorter periods, free of disease, than women with recurrent cancer but normal circulating leukocyte numbers [19] .
Our laboratory has used the mouse HPV16 tumor model, TC-1 [20] , to study interactions between tumor cells and the host immune system, not only restricted to the tumor microenvironment but also in lymphoid organs [21] . We have shown previously that TC-1 tumor-bearing mice exhibited a significant increase in myeloid populations in the spleen, as well as B lymphocytes in peripheral lymph nodes [21, 22] . We have also shown, using cervical cancer-derived cell lines grafted in immunodeficient mice, that proliferation and accumulation of myeloid cells in lymphoid organs are HPV-mediated effects [23] . TC-1 tumors recruit M2-like macrophages (TAMs), which are capable of suppressing anti-tumor T cell responses. We also showed that this effect is partially dependent on IL-10 expression by TAM [21, 22] . In this model, TAM corresponds to ϳ10% of the total number of tumor cells. Therefore, modulation of TAM could be an important anti-tumor therapeutic tool. To accomplish this goal, we must have a more complete understanding of the local and systemic effects of the tumor on TAM and other myeloid cell populations that orchestrate immune responses in the host.
In this manuscript, we characterized cytokine expression and signaling pathways in the tumor microenvironment in the inflammatory and tumor cell compartments, as well as in lymphoid organs. Our data show that tumor-bearing mice exhibited an accumulation of myeloid cells with a suppressive phenotype: low expression of IL-12 and costimulatory molecules. The phenotype, but not the number of these cells, was modulated by IL-10, possibly through NF-B inhibition. At the same time, STAT3 and Akt were constitutively activated, which could promote myeloid cell proliferation and accumulation. We believe that our data will contribute to the design of new protocols to modulate the phenotype of TAM or APC in the host.
MATERIALS AND METHODS
Specifications about antibodies used in the work are listed in Supplemental Material 1.
Cell lines
TC-1 tumor cells are transformed with Ej-ras and HPV16 E6 and E7 oncogenes [20] and were kindly donated by Dr. T-C. Wu (Johns Hopkins University, Baltimore, MD, USA). SiHa, a HPV16 cervical cancer-derived cell line [24] , was purchased from the American Type Culture Collection (Manassas, VA, USA). ; The Jackson Laboratory); 10 5 cells suspended in 100 l 1 mM CaCl 2 , 0.5 mM MgCl 2 -supplemented PBS generated detectable tumors within 7-10 days postinjection. Mice were killed 24 days later or when tumors reached 8 mm in the largest diameter.
Mouse tumor model and assessment of in vivo cell proliferation
C57BL/6 mice were bred and maintained in specific, pathogen-free conditions in the Isogenic Mouse Facility at the Department of Immunology, ICB/USP (Brazil). All our procedures involving mice were in accordance with the guidelines of the Animal Care Committee, ICB/USP, and approved under Protocol Number 2011/151.
For proliferation assays, we injected naive or tumor-bearing mice with 1 mg BrdU (BrdU detection kit; BD Biosciences, San Jose, CA, USA), diluted in PBS solution, 1 h before death.
Cell suspension preparations
All cell preparations were made using ice-cold 1ϫ Hanks' solution with 15 mM HEPES, pH 7.4, 0.5 U/mL DNase I (Worthington Biochemical, Lakewood, NJ, USA) and 5% FBS. Spleen suspensions were obtained by tissue dissociation through a 70-m metal mesh and red cell lyses in hypotonic buffer. Bone marrow was harvested from tibias, femurs, and iliac crests by flushing with the buffer described above. Red cells were eliminated by hypotonic lyses. Lymph node cell suspensions were obtained by mechanical dissociation. Tumor cell suspensions were obtained by digestion of finely minced tissue with 1 mg/mL Collagenase I and IV (Worthington Biochemical) in a Thermomixer (Eppendorf, Germany) at 37°C for ϳ1 h. Cell viability, accessed by Trypan blue staining, in the final suspensions was between 90% and 95%.
Flow cytometry analysis
All cells were incubated in the same buffer described for cell suspension preparations. FcBlock (BD Biosciences) was added to cells before specific antibodies and incubated for 15 min. Cells were stained with specific antibodies against cell surface markers, as indicated in each figure (listed in Supplemental Material 1). When necessary, following surface staining, cells were fixed and permeabilized with 90% methanol for following incubation with antibodies against signaling proteins [25] or fixed for DNAse I digestion before incubation with anti-BrdU antibody. BrdU detection protocol was performed according to instructions in the BrdU Detection Kit (BD Biosciences). Antibodies against total and phosphorylated proteins involved in signal transduction, Akt, NF-B, IB, STAT3, STAT5, JAK2, Erk, and CREB were purchased from Cell Signaling Technology (Beverly, MA, USA; Supplemental Material 1). Flow cytometry was performed in a FACSCalibur or FACSCanto II (BD Biosciences), where 30,000 -50,000 events were acquired. Data obtained were analyzed with FlowJo software (TreeStar, Ashland, OR, USA). 
Determination of cytokine-expression profile-mRNA analyses
For RNA expression analysis, we used the Mouse Inflammatory Cytokines and Receptors RT 2 Profiler PCR Array System (PAMM-011A; SABiosciences, Qiagen, Hilden, Germany). Real-time PCR arrays were performed on an ABI Prism 7300 sequence detection system (Applied Biosystems, Foster City, CA, USA), using SYBR Green Master Mix (Applied Biosystems, Cheshire, UK). The mRNA expression levels were represented by the ⌬Ct/control Ct relative values, which were calculated as the subtraction of the Ct averages of the HKG from the Ct averages of the TG [(⌬CtϭCtTGϪCtHKG)/CtHKG]. The amplification efficiencies of the targets (TG) and references (HKG) displayed no significant differences (data provided by SABiosciences, Qiagen). We defined that all relative expression values above the average of expression of all targets in the platform were positive; in our experiments, these threshold values were 0.3202 for CD45 ϩ cDNA and 0.3206 for CD45 Ϫ cDNA. We also indicated, in the correspondent figures, the relative value 0.2, which distinguishes cDNA from genes with expression closer to HKGs.
Determination of cytokine-expression profile-protein analyses
To determine the cytokine and chemokine expression levels, we used the Mouse Cytokine Array Panel (Cat. Number ARY006; Proteome Profiler Array; R&D Systems, Minneapolis, MN, USA). Protein extracts from TC-1 tumor-sorted populations and pM were prepared, as specified by the kit protocol. The assays were performed according to the manufacturer's instructions. After the chemiluminescent reaction (ECL Kit; GE Healthcare) for detection of the bound cytokines, the membranes were exposed to X-ray films for various periods of time to guarantee signals in the linear range for densitometry. Scanned autoradiogram images were analyzed and quantified with ImageJ software (U.S. National Institutes of Health, Bethesda, MD, USA). For these experiments, as a result of lack of housekeeping targets, as in the RNA expression platform, we decided to use a reference populations. We chose pM as the reference population, as they come from the same strain of mice that we used for tumor growth and as these cells should not be activated in naive mice in our mouse facility. Therefore, these cells should display low, basal levels of cytokines and chemokines. We represented the results obtained from these experiments as relative values, where the average correspondent to six spots of background signal was subtracted from the absolute values of each cytokine. This was performed with all cytokines from all populations evaluated. From these values, we calculated the ratio between CD45 Ϫ or TAM or CD11b ϩ Gr1 ϩ cells against naive pM. We also used the Mouse Cytokine Array Panel to study cytokine expression in the spleen of naive and tumor-bearing mice and the Mouse Phospho-Receptor Tyrosine Kinase Array (Proteome Profiler Array; R&D Systems) to study activation of tyrosine kinase receptors in the bone marrow of tumor-bearing and naive mice. Data obtained from these experiments were represented as a ratio between expression of a target protein between tumor-bearing and naive samples, where Value 1 indicates that this molecule is expressed at the same levels in tissues from both experimental groups. For bone marrow studies, we mechanically dissociated bone marrow cells and lysed according to the kit manufacturer's instructions.
C57BL/6 and RAG1 ؊/؊ chimeras
A total of 2 ϫ 10 6 T cells isolated from naive C57BL/6 mice was transplanted through tail-vein injection into RAG1 Ϫ/Ϫ recipients, previously injected or not with 10 5 TC-1 cells. At the moment of T cell transplant, recipients displayed tumor volumes of 50 -100 mm 3 (ϳ0.5-cm diameter). Fourteen days after T cell transplant, we harvested lymph nodes of transplanted mice, prepared single-cell suspensions, and stained cells with antibodies against CD4 and CD25. We immediately fixed and permeabilized cells with the Cytofix/Cytoperm kit (BD Biosciences) and stained with anti-Foxp3 (eBioscience, San Diego, CA, USA). We used a BD FACSCalibur to analyze cells.
Statistical analysis
We used the t-test and ANOVA one-way to compare data obtained from naive and tumor-bearing groups, considering the differences between groups significant when P Ͻ 0.05.
RESULTS

TC-1 tumors promote myeloid cell proliferation in the tumor microenvironment and spleen
According to data from our laboratory and others, HPV16-associated tumors promote accumulation of myeloid cells in the spleen of tumor-bearing mice [21, 23, 26] . Leukocytes may accumulate in tissues as a result of increased recruitment, increased proliferation, reduction of cell death, or a combination of any of these factors. To test whether TC-1 tumor cells can promote myeloid cell proliferation, we injected an analog of thymidine, BrdU, in naive and tumor-bearing mice to determine the percentage of proliferating cells in different leukocyte populations. First, we observed that macrophages in the tumor microenvironment incorporated BrdU (Fig. 1A) . It is possible that these cells were recruited to the tumor microenvironment, while already committed to progress through the cell cycle, or signals generated in the tumor could trigger proliferation within the tumor microenvironment. In the spleen, we observed a significant increase in BrdU incorporation compared with naive mice ( Fig. 1B and C) . Importantly, our data showed that regions of the spleen with higher BrdU incorporation corresponded to red pulp areas, suggesting that the observed cell proliferation was not related to triggering of adaptive immune responses (i.e., proliferation of antigen-activated B or T lymphocytes). Indeed, with the analysis of specific populations, it became clear that CD11bGr1 low myeloid cells and macrophages displayed a significant increase in BrdU incorporation compared with the same populations in naive mice (1.8-and 4.9-fold, respectively). Interestingly, we did not observe significant differences in cell proliferation in the bone marrow or lymph nodes of tumor-bearing mice compared with naive mice (data not shown). On the other hand and as published previously and shown below, there was an increase in the number of B lymphocytes [22] and myeloid cells in these tissues (Fig. 1D ). CD11b ϩ Gr1 low cells may represent an immature myeloid population or even MDSC [27] . At this point, we could speculate that CD11b ϩ Gr1 low cells migrate to the tumor and differentiate in the predominant macrophage population. However, we have not done the experiments to test this hypothesis.
Although we did not observe a significant increase in BrdU incorporation in the bone marrow, there was an increase in the myeloid cell percentage in this tissue, indicating that tumors had an effect on this tissue. Tyrosine kinase receptors respond to several factors secreted locally or systemically. Factors secreted by tumors could signal in the bone marrow promoting cell accumulation, for example, as a result of increased survival. Indeed, with the use of an antibody array platform, we observed that there was significantly higher expression of phosphorylated tyrosine kinase receptors in the bone marrow of tumor-bearing mice than in the cell from naive mice. For instance, phosphorylated Axl, Dtk, Tie-2, EphA7, and EphB1 protein levels had an increase of 
TC-1 tumors express cytokines for cell recruitment, myeloid cell proliferation, and phenotype modulation
The results described above indicated that the TC-1 tumor displayed systemic effects, which could be accomplished by secretion of soluble molecules. Cytokines play a key role in immune response control and immune system homeostasis. They can also have a role in tumor progression, angiogenesis, and immune evasion. For example, IL-1␤ is known to promote chronic inflammation, favoring cell transformation and tumor progression [28] , whereas IL-6 may induce tumor cell proliferation and modulation of the inflammatory tumor infiltrate [29] , and TGF-␤ promotes tolerance toward tumor antigens [30] . To identify cytokines that could affect myeloid cells locally and systemically in tumor-bearing mice, we performed mRNA and protein-expression profile analysis in ex vivo-sorted tumor cells (CD45 Regarding the CD11b ϩ Gr1 ϩ population in the tumor, functional assays are needed to determine whether this is a granulocyte population, as neutrophils or possibly MDSCs. The cytokine-expression profile of these cells suggests that they may have a proinflammatory phenotype: positive expression of IL-1␤ and TREM-1 and negative expression of IL-10.
Of note, we found IL-6 expression in TC-1 tumor cells. We also observed that TAM and CD45 ϩ cells from SiHa tumors expressed IL-5 and IL-10. Interestingly, we observed that leukocytes infiltrating TC-1 tumors expressed the mRNAs for IL-10R and IL-6R (Supplemental Material 3), indicating the existence of paracrine signaling within the tumor, as expected.
Proliferation and survival signals are constitutive in the tumor microenvironment All factors described above are chronically expressed in the tumor microenvironment. Therefore, it is reasonable to assume that signaling pathways triggered by their receptors may be regulated. To test this hypothesis, we decided to screen the status of activation of signaling pathways related to cell proliferation, survival, and inflammatory responses in tumor and inflammatory cells. For this purpose, we used antibodies to detect phosphorylated and total proteins from key signaling pathways: Akt, Erk, STAT3, CREB, and NF-B. We chose antibodies that recognize phosphorylation sites associated with protein activation (Supplemental Material 1). We sorted tumor and inflammatory cells to study the expression of these proteins. As can be observed in Fig. 3A, STAT3 , Akt, Erk, and CREB were expressed in both cell populations in their total and phosphorylated forms. As the anti-phospho-CREB antibody also recognizes ATF1, our results show that ATF1 was phosphorylated mainly in the TC-1 tumor cells (Fig. 3A) . Importantly, although we loaded equal amounts (50 g) of protein from all cell lysates, the concentration of these proteins seemed always reduced in the inflammatory cells compared with tumor cells, indicating higher expression of these proteins in the tumor cells. The control lysates from the HeLa cell line were loaded in smaller amounts-25 g proteins-as a result of the strong signal they generated in this type of experiment. Interestingly, HeLa cells, which are transformed with HPV18 -another high-oncogenic risk HPV type-displayed high basal levels of phosphorylated proteins, some of them up-regulated by treatment with 10 ng PMA for 30 min.
As we were not able to detect the RelA (p65) component of NF-B by Western blotting, we used intracellular staining and flow cytometry to evaluate this pathway. NF-B serine 536 was not phosphorylated in TAM (Fig. 3B) , indicating that NF-B was less active in these cells. We used Akt as a control for this type of staining and observed consistent results with those obtained by Western blottings.
Tumors control cytokine expression and signaling pathways in the spleen
Considering that many of the factors expressed in the tumor microenvironment were soluble proteins that could mediate systemic effects and that there was an increase in cellularity in the spleen of tumor-bearing mice, we decided to investigate the status of signaling pathways and the cytokine-expression profile in the spleen of tumor-bearing mice. As expected, we found a significant increase in myeloid cells in the spleen of tumor-bearing mice (Fig. 4A) and focused our observations in the myeloid APCs (CD19 Ϫ MHC-II ϩ ). The rationale for this choice was that these cells have an essential role in determining T cell responses, controlling, therefore, the tumor fate. Moreover, we have shown accumulation of myeloid cells in the host. Therefore, we wished to determine myeloid APC function. As shown in Fig. 4B , several pathways were differentially activated in this population in naive and tumor-bearing mice. We observed significantly lower expression levels of IB-, NF-B-, and ERK-phosphorylated proteins in cells from tumorbearing mice than in cells from naive animals. On the other hand, JAK2-, STAT3-, and STAT5-phosphorylated forms were up-regulated in cells from these animals compared with naive mice. Akt expression, measured by MFI, was the same in populations from both experimental groups, although the expres-sion pattern was different between them. Interestingly, STAT5 displayed the same expression pattern: two peaks in naive mice that condensed in one peak of intermediate intensity in tumor-bearing mice, indicating constitutive, even if intermediate, activity. However, in the case of STAT5, the average MFI was significantly higher in tumor-bearing mice. CREB-, STAT1-, and JNK-phosphorylated proteins did not show significant differences between naive and tumor-bearing mice.
As various signaling pathways, altered in the spleen of tumor-bearing mice, control cytokine expression, we sought to ؊ tumor cells, TAMs, and CD11b ؉ Gr1 ؉ tumor-infiltrating cell populations. Lysates (50 g) from the indicated sorted populations were incubated with membranes from the Cytokine Proteomic Array (R&D Systems). The expression of each cytokine was compared with the expression of the same cytokine in a lysate of pM mice. Graph abciss shows cells that originated the lysates for these experiments. TC-1 (sorted CD45-cells from TC-1 tumors; 11bGr1, sorted CD11bϩGr1ϩ from TC-1 tumors; TAM TC-1, sorted TAM from TC-1 tumors; CD45ϩ SiHa, sorted CD45ϩ cells from SiHa tumors). Relative results correspond to the average of three independent experiments, where we subtracted the background absolute densitometry value from each cytokine absolute signal and then calculated the ratio between a given cytokine in the target populations and pM. Names of molecules within the graph area indicate those in which expression was significantly different than the expression in pM. The line indicates the Value 1, where cytokine expression is the same in the target population and pM. The values presented correspond to three independent experiments. determine the cytokine expression pattern in total splenocytes and MHC-II ϩ APCs in the spleen. In Fig. 5A , we show a cytokine-expression ratio in the populations mentioned above in tumor-bearing and naive mice. We could readily observe that there were more down-regulated than up-regulated cytokines in the spleens of tumor-bearing mice (cytokines bellow the black line, Ratio Value 1). A second general observation was that the expression pattern between total and MHC-II ϩ cells in the spleen was somewhat similar, suggesting that most differences in cytokine expression were a result of modulation of cytokine expression in APCs. A third interesting observation was that cytokines, such as IL-6 and IL-10, which may play a role in cell signaling in the spleen (through activation of JAK2/STAT3), were not expressed in this tissue, suggesting that their source was the tumor or other tissues. On the other hand, CCL2 was highly expressed in the spleens of tumor-bearing mice, as well as other chemokines that recruit myeloid cells, such as CCL1, CCL2, and CXCL1. However, cytokines involved in the recruitment of activated T cells, as CXCL9 and CXCL10, were down-regulated in the spleens of tumor-bearing mice. Interestingly, similar to the CD11b ϩ Gr1 ϩ population in the tumor, we observed positive expression of TREM-1 in total nucleated spleen cells and MHC-II ϩ cells. Although we observed a significant increase in IL-1␤ expression in the spleen of tumor-bearing mice compared with naive mice, we also observed expression of the IL-1ra molecule, which inhibits IL-1 signaling [31] . TNF-␣ was down-regulated in the total spleen preparations, whereas IL-12p70 was down-regulated in professional APCs (MHC-II ϩ ). These findings correlated with the inactivation of the NF-B pathway [32] . We found increased expression of IL-5 and IL-17 in the spleens of tumor-bearing mice but not in APCs, indicating that their expression could be restricted to T cells in this tissue. As we had previously detected IL-5 expression in TAM, we decided to investigate whether IL-5 had an effect on tumor growth and the quality and frequency of tumor-inflammatory infiltrate and systemic leukocyte populations' homeostasis. The treatment of TC-1 tumor-bearing with anti-IL-5-neutralizing antibody caused no significant differences in any of these parameters, indicating that IL-5 had no obvious effect on anti-or protumoral immune responses (data not shown).
We also observed down-regulation of IL-4 and IL-13-cytokines that are hallmarks of Th2 responses-in the spleen of tumor-bearing mice (Fig. 5A). A B The same experiment was performed using total cell suspension lysates from tumor-bearing mice draining lymph nodes or inguinal lymph nodes from naive mice. The expression ratio of each cytokine is depicted. *Significant differences between control and tumor-bearing mice.
Overall, except for the IL-17 expression, our results indicate the existence of a suppressive environment in the spleens of tumor-bearing mice.
Tumor draining lymph nodes may be another source of IL-10 and IL-6
To characterize better tumor effects on lymphoid tissues, we repeated the same experiment as described above but used the tumor draining lymph nodes and inguinal control lymph nodes from naive mice. As shown in Fig. 5B, IL-10 and mainly IL-6 were the only significantly up-regulated cytokines in tumor draining lymph nodes compared with lymph nodes of naive mice. One major concern with this experiment was the possibility of detection of molecules not expressed by lymph node cells but rather, drained from the tumor microenvironment. One argument against this possibility is the low expression ratio of CCL2 and detection of C5a, both of which displayed high expression or detection in the tumor microenvironment. Therefore, it seems that tumor draining lymph nodes were another source of IL-10 and IL-6. Interestingly, no inflammation or T cell activation-related cytokines were observed in these organs, again indicating that tumors could promote a suppressive environment in the host.
Suppressive environment in tumor-bearing hosts may be related to inefficiency of antigen presentation caused by IL-10
Our results indicate the possibility that TC-1 tumors may generate a suppressive environment in the host, inhibiting antitumor T cells. To test this hypothesis, we have transplanted naive T cells from C57BL/6 donors into RAG1 Ϫ/Ϫ tumorbearing recipients. Results in Fig. 6A show that homeostatic proliferation in RAG1 Ϫ/Ϫ recipients generated 2.3-fold more T regs in the lymph nodes of tumor-bearing mice than in controls.
Our group had shown previously that IL-10 was important for TC-1 tumor growth and tolerance toward tumor antigens, inducing T reg responses [22] . To pursue this initial data and better understand IL-10 role in our model, we injected TC-1 tumor cells in IL-10 Ϫ/Ϫ mice to evaluate tumor growth, cell signaling, and T cell activation. As expected, TC-1 tumor growth was inhibited in IL-10 Ϫ/Ϫ mice (Fig. 6B) . In the spleen, we did not observe differences in macrophage and monocyte populations' frequency between IL-10 Ϫ/Ϫ and control WT mice (Fig. 7A) . However, we observed an increase in the expression of antigen-presenting molecules, as shown in Fig. 7B and C. Within the CD11b ϩ population, we observed an increased frequency of CD80 ϩ and CD86 ϩ cells, and within the F4/80 population, we observed an increase in CD86 ϩ cells (Fig. 7B) . We also observed an increase in the frequency of CD11b ϩ MHC-II ϩ cells in IL-10 Ϫ/Ϫ mice (Fig. 7C) . Finally, we observed that APCs from WT tumor-bearing mice could inhibit T cell proliferation induced by PHA, whereas APCs from IL-10 Ϫ/Ϫ mice did not have this suppressive effect (Fig. 7D) . Accordingly, to the increase in antigen-presenting accessory molecules, we observed that in IL-10 Ϫ/Ϫ mice, there was an increase in the expression of phosphorylated NF-B compared with control mice in APCs from the spleen (Fig. 7E) . These results segregate myeloid cell accumulation from phenotype modulation. IL-10 controls phenotype, but we still need to establish which factors control cell accumulation. interested in evaluating the tumor microenvironment effect on the host's immune system, mainly regarding leukocyte homeostasis and antigen-presentation potential, which obviously directly determines adaptive immune responses. Leukocytosis is an increase in the leukocyte cell numbers in an organism. It has been observed in patients with solid tumors. Its etiology may be iatrogenic (cytokine-based therapy), infectious (lymphocytic leukocytosis), or triggered by signals generated in the tumor microenvironment, as GM-CSF, G-CSF and IL-3 [7, 33, 34] . Patients with cervical cancer may develop leukocytosis, which is a poor prognostic factor for patients with recurrent disease [19, [35] [36] [37] . We have shown previously that HPV-positive cervical cancer-derived cell lines induced leukocytosis in immunodeficient mice, whereas a HPV-negative cervical cancer-derived cell failed to do so [23] . Interestingly, the in vivo cytokine-expression profile of the HPV-positive cell lines was similar among them but different from the prolife observed in the HPV-negative cell line [23] . In the current work, we show data regarding the TC-1 HPV16 tumor model, which was generated from C57BL/6 lung keratinocytes, therefore allowing us the benefit to study a model with adaptive immune responses. We observed accumulation of myeloid cells in the host's lymphoid organs. We were somewhat surprised by the small increase in cell proliferation in bone marrow cell populations of tumor-bearing mice compared with naive animals. We believe that this might reflect cell accumulation as a result of longer cell half-life or lack of cell emigration from the marrow. We believe the last possibility is rather unlikely as a result of the high expression of chemokines in spleen and tumor. However, we have not yet characterized chemokine receptor expression or cell half-life in the bone marrow. On the other hand, we observed the activation of tyrosine receptors Tie-2, Axl, Dtk, and EphA7, indicating that processes, such as angiogenesis, erythropoiesis, and cell differentiation, in the bone marrow could be modulated by tumors. Moreover, evidence of increased production of Tie-2 in patients with cervical cancer has been described previously in the literature [38] . In the spleen, we observed that myeloid cell accumulation was accompanied by a significant increase in cell proliferation. One of the cytokines expressed by TC-1 tumor cells and other HPV16-associated tumors or tumor cell lines is IL-6 [23, 39] . Indeed, we observed that tumor cells, tumor-inflammatory infiltrate, and spleen myeloid APCs (CD19 Ϫ MHC-II ϩ ) displayed constitutive JAK2/STAT3 and STAT5 activation, which could be, at least in part, responsible for myeloid cell proliferation and also for IL-10 expression by tumor-infiltrating macrophages [40, 41] . Other cytokines may also play a role in this process, such as G-CSF and IL-3, both expressed by tumor cells. Contrary to the activation of the IL-6/STAT axis, we observed down-regulation of NF-B phosphorylation on serine 536 in tumor macrophages and spleen myeloid APCs. Phosphorylation of serine 536 is an early event in NF-B activation, necessary for acetylation and full transcription activation [42, 43] . Accordingly, to this data, we observed down-regulation of IL-12 expression in the spleen of tumor-bearing mice [44] , which together with low basal costimulatory molecule expression and positive IL-10 expression, suggests a suppressive environment in the host. The fact that homeostatic T cell proliferation generated a twofold increase in the number of T regs in tumorbearing recipients than in naive RAG1 Ϫ/Ϫ recipients reinforces the hypothesis. Again, we show that IL-10 is a key molecule in the orchestration of host tolerance toward tumor antigens. In fact, IL-10 promoter polymorphism Ϫ819C/T, which leads to higher IL-10 expression [45] , represents an increased risk to cervical cancer development [46] . Concerning cervical cancer, most research groups obtained results that indicate that IL-10 plays a role in suppression of anti-HPV responses, therefore, facilitating tumor growth [47] . Indeed, our data show that IL-10 is one of the factors inhibiting NF-B, although based on our experiments, we could not identify the exact molecular mechanism underlying this inhibition. However, our results show that the accumulation of suppressor myeloid cells triggered by the tumor is a multifactorial effect, where IL-10 plays a role in determining the cells' phenotype but does not affect cell proliferation or accumulation.
DISCUSSION
The phenotype of the cells that accumulate in the bone marrow and spleen of tumor-bearing mice was CD11b ϩ Gr1 low . However, in the tumors, we found that the majority of infiltrating cells was macrophages. We have dissected the cytokineexpression profile in the tumor microenvironment as well and observed that tumor cells expressed growth factors, myeloid cell-attracting chemokines, and IL-6. TAM expressed receptors to chemokines, myeloid cell-attracting chemokines, IL-10 and IL-5, as well as receptors for IL-10, IL-1, IL-6, and TNF-␣, displaying a mixed phenotype regarding inflammation. Finally, the myeloid cell population CD11b ϩ Gr1 ϩ expressed proin- flammatory molecules. The expression profile of this population could indicate this is a bona fide inflammatory population. However, TREM-1, typically expressed by neutrophils, is also known to be expressed by MDSC [48] . Interestingly, although in a very different background and from a very different origin, in SiHa tumors (HPV16-positive), the leukocyte infiltrate displayed a remarkably similar cytokine profile as TAM from TC-1 tumors. This suggests that HPV16 tumors modulate leukocytes in a similar way, independently of the cell origin. Moreover, data from the literature have shown that supernatant from HPV-positive tumor cell lines secretes IL-6 and PGE2, inducing a suppressor phenotype in in vitro-differentiated dendritic cells, which in turn, express IL-10 instead of IL-12 [39] . These results are similar to those observed in our model. Although we do not know which cells migrate to the tumor to differentiate into macrophages, we observed common signaling signatures between TAM and myeloid cells in the spleen. This included NF-B down-regulation, JAK/STAT activation, and Akt constitutive activation, which could cooperate in inducing cell proliferation. Another common feature was CCL2 expression. CCR2, the receptor for CCL2 and other chemokines, was described previously as responsible for the recruitment of macrophages to HPV-associated lesions in a mouse transgenic model [49] . Interestingly, IL-10 can induce CCL2 expression [50] . In the tumor, inflammatory-infiltrating populations expressed more CCL2 than the TC-1 tumor cells, which may be an effect of autocrine signaling by IL-10, as the CD45 ϩ cells in the tumor expressed both IL-10R chains. As far as we were able to characterize, the only sources of IL-10 in mice with TC-1 tumors were TAM and to a lesser extent, the tumor draining lymph node. As this cytokine affected cells in the spleen, our observation underscores the systemic effects that tumors can have on cells in other tissues.
Some of the chemokines expressed in the tumor environment, including ligands for CXCR3, target T lymphocytes, which are not recruited to these tumors. It is possible that the lack of T cell activation in secondary lymphoid organs is responsible for the lack of T cells infiltrating the tumor. We have reported previously that depletion of TAM and reduction of myeloid cells to normal numbers in the spleen, allow expansion and infiltration of anti-HPV CD8 T cells, resulting in inhibition of tumor growth [21] . Interestingly, Choyce and collaborators [51] have shown, using a keratin 14/HPV16 E7 (K14E7) transgenic model, that T cells infiltrate hyperplasic premalignant skin and inhibit anti-tumor T cell responses. Although apparently different, we observe the association of suppressor T cells with tumor growth, in spite of important differences in the experimental models. Our work is focused on antigen presentation by myeloid cells, and we believe it would be very interesting to evaluate the phenotype of APCs this model.
To the best of our knowledge, there are no other studies exploring systemic effects of HPV16-associated tumors to the same extent of the present report. Our results are important and should be considered in the following situations: (1) infusion of T cells after chemo-or radiotherapy, where cells will proliferate in the host and will be subjected to the suppressor environment in the organism; (2) specifically regarding HPV infections; considering that a significant percentage of anogenital and oropharyngeal tumors is also associated to HPV infection, it should be explored if similar events occur in these tumors and implement strategies to overcome them to obtain more efficient therapies; (3) is it possible to control leukocytosis, and will these patients have better survival rates? We believe that the answer to the last question will require a combination of agents to block factors that lead to myeloid cell proliferation and recruitment, creating a time window where T cell or dendritic cell-based therapies may be efficient in triggering anti-tumor immune responses. AUTHORSHIP S.C.S. performed, with help from R.A.M.R., protein-expression experiments, except for the cytokine proteome array, and helped with the studies of cell signaling through flow cytometry and BrdU incorporation assays. A.B. did the mRNA expression-prolife analysis. E.B. and P.S.A.S. reviewed data and this manuscript. A.P.L. wrote this manuscript, coordinated this study, and performed all other experiments.
